p53 is present in synapses where it mediates mitochondrial dysfunction and synaptic degeneration in response to DNA damage, and oxidative and excitotoxic insults.
A form of programmed cell-death called apoptosis occurs in neurons during development of the nervous system, and may also occur in a variety of neuropathological conditions. Here we present evidence obtained in studies of adult mice and neuronal cell cultures showing that p53 protein is present in synapses where its level and amount of phosphorylation are increased following exposure of the cells to the DNA-damaging agent etoposide. We also show that levels of active p53 increase in isolated cortical synaptosomes exposed to oxidative and excitotoxic insults. Increased levels of p53 also precede loss of synapsin I immunoreactive terminals in cultured hippocampal neurons exposed to etoposide. Synaptosomes from p53-deficient mice exhibit increased resistance to oxidative and excitotoxic insults as indicated by stabilization of mitochondrial membrane potential and decreased production of reactive oxygen species. Finally, we show that a synthetic inhibitor of p53 (PFT-alpha) protects synaptosomes from wild-type mice against oxidative and excitotoxic injuries, and preserves presynaptic terminals in cultured hippocampal neurons exposed to etoposide. Collectively, these findings provide the first evidence for a local transcription-independent action of p53 in synapses, and suggest that such a local action of p53 may contribute to the dysfunction and degeneration of synapses that occurs in various neurodegenerative disorders.